INTRODUCTION
The life expectancy of the population with Down syndrome (DS) has been increasing over the last 40 years (1) , but studies show a high rate of overweight in children and adolescents with DS (2, 3) . For some authors, children and adolescents with DS tend to accumulate high amount of fat (4) compared to the same people without the syndrome due to sedentarism (5) , inadequate food that worsens over the years (6) and low physical fitness (7, 8) . Certain comorbidities commonly found in this population may aggravate or be aggravated by obesity, such as congenital heart defects (9, 10) , reduction of immunological function (11) , obstructive sleep apnea (12) , diabetes mellitus (13) , among others.
To determine excess body fat in children and adolescents with DS, researchers have used some indirect and doubly indirect methods. Among these various techniques, absorptiometry with dual energy X-ray absorptiometry (DXA) (14, 15) and body mass index (BMI) (16, 17) have been widely used to assess the nutritional state (2) . Several graphic weight, height and BMI for specific DS were created (2, (16) (17) (18) (19) , but so far there is no consensus for a standardization for both the technical procedures as for anthropometric parameters for this population (20) .
The DXA is one of the most accurate and useful tools to assess body composition and determine the distribution of fat and is considered the gold standard for this purpose. It is an imaging procedure that allows the quantification of bone mass, muscle and fat, divided by body parts or the entire body (21, 22) .
Thus, the aim of this study was to estimate the BMI cutoff point for the diagnosis of obesity in adolescents with DS according to different references for BMI classification in relation to the percentage of body fat (%BF) measured by DXA.
MATERIALS AND METHODS

STUDY DESIGN AND PARTICIPANTS
A total sample of 34 adolescents with DS (aged 10 and 17 years), 18 males (mean: 14.8 ± 2.1 years) and 16 females (mean: 13.7 ± 2.5 years). It is a cross-sectional descriptive study, conducted in 2013, two DS treatment referral centers located in the city of Campinas (São Paulo -Brazil). This study was approved by the Ethic Committees for Human Being Research of the School of Medical Sciences (FCM); University of Campinas (UNICAMP), and was conducted in accordance with the declaration of Helsinki for human studies -under number 783/2011, and only participated in the study adolescents with written permission of their parents and/or guardians.
METHODS
Two techniques were used: to assess the nutritional status BMI and DXA for body composition.
ANTHROPOMETRY
To calculate BMI, weight and height of adolescents' measurements were made, according to standardized procedures (23) . Weight was measured (kg) using portable digital scales to the nearest 0.1 kg. Height was measured (cm) using a vertical stadiometer to the nearest 0.1 cm. From those measurements, BMI was calculated using the formula (kg/m 2 ). BMI values was analyzed according to data from the International Obesity Task Force (IOTF) (24) and the World Health Organization (WHO) (25) and converted to standard deviation scores (z-score), according to each of these two international reference parameters. The adolescent was considered obese when he presented the z-score ≥ 2, for these two references. It was also rated the BMI according to the specific references to the DS structured by Myrelid et al. (16) and Styles et al. (17) . As Myrelid et al. (16) , the adolescent was considered obese when his BMI was ≥ 2 Standard Deviation (SD). While, according to Styles et al. (17) , the adolescent was considered obese when his BMI was ≥ percentile 98 (P98).
BODY COMPOSITION ASSESSMENT
Body composition was analyzed using whole-body DXA equipment (Lunar iDXA -GE Healthcare -USA). With regard to the %BF obtained by DXA, the adolescents was considered obese when the %BF was ≥ P90, according to the classification of the NHANES (26) . To assess the frequency of obesity according to each BMI reference in relation to %BF estimated by DXA, the adolescents were classified into two groups, eutrophic (including normal and overweight) and obese.
STATISTICAL ANALYSIS
Data was presented as mean, variance, absolute and relative frequencies. For evaluation of variables according to sex the Mann-Whitney test. For comparing the frequency of obesity according to several references was used Fisher's exact test. For the analysis of correlation between the diagnostic of obesity references the z-score of BMI by IOTF, by WHO in relation to %BF by DXA was employed by the Spearman correlation coefficient. Regarding the %BF by DXA, Receiver Operating Characteristic curves (ROC curves) were constructed to determine the cut-off weight and BMI of adolescents with DS for the diagnosis of obesity. For all statistical analysis was considered significant difference when p ≤ 0.05.
RESULTS
A total sample of 34 adolescents were evaluated, 18 males (52,9%) and 16 females (47,0%). between genders for age, weight, BMI, BMI z-score of the IOTF and the WHO. A significant statistical difference only at the time, with higher values in boys, and %BF estimated by DXA, with higher values in girls.
All references evaluating BMI were associated with the %BF assessed by DXA in the diagnosis of obesity in this sample (Table II) .
The correlation between the %BF by DXA and BMI by several references was positive and significant, r = 0.61 with BMI (kg/m 2 ) (p < 0.001), r = 0.68 with z-score of BMI by IOTF (p < 0.001) and r = 0.74 with BMI z-score by WHO (p < 0.001).
Using the ROC curve, in relation to the %BF by DXA, all parameters showed high sensitivity, but the z-score of BMI by WHO showed better specificity (85%) with an accuracy of the 82% for the cut-off point above 2.14 (Table III) .
DISCUSSION
In the general population, the use of BMI to assess obesity has high association with %BF by DXA (27) , as well as with the risk in long-term comorbidities (28) . However, in people with DS, the use of BMI, due to short stature (4, 18) and the tendency to high weight (27) , could lead to error, overestimating the diagnosis of obesity. In addition, one should remember that BMI does not differentiate fat mass in lean body mass (29) . Therefore, this study sought to estimate the cutoff point of BMI and to verify the accuracy of these BMI references both to the general population (WHO and IOTF) and for people with DS (16, 17) in diagnose obesity in relation to %BF analyzed by DXA.
The sample of adolescents with DS (18 males and 16 females) were analyzed together for not presenting significant differences between the gender, beyond that already expected as the height and %BF. Considering that only adolescents were included in this study, stage of life where sex hormones determine the difference in height and body composition between men and women.
In DS, several studies have evaluated children, adolescents, youth and adults, through the BMI, which have detected high levels of obesity (3, 14, 30) . Considering the results of this study in relation to obesity, it was found that obesity was present among 58.8% (20 of 34 cases) of the adolescents with DS, when used references from the WHO (25) for the z-score and BMI 38.2% (13 of 34 cases) by IOTF (24) . When used specific indicators of BMI for DS, 35.3% (12 of 34) were obese as references to Myrelid et al. (16) and 55.9% (19 of 34) according to the classification of Styles et al. (17) .
According to the %BF by DXA, obesity was present in 41.1% (14 of 34) of adolescents with DS, showing that references the WHO (25) and Styles et al. (17) overestimated the obesity diagnosis in this group of teenagers evaluated for %BF, while references to Myrelid et al. (16) and the IOTF (24) underestimated, despite all these references used present good association with the %BF by DXA. In accordance with a New Zealand study using bioimpedance to assess %BF by means of three equations, Loveday et al. (14) compared and validated the results in relation to the %BF obtained by DXA, in 70 cases of DS aged 5 to18 years and concluded that the bioelectrical impedance showed validity to measure the %BF (14) .
Regarding the correlation of %BF by DXA with different BMI references the general population (IOTF and WHO) in obesity assessment, the results of this study showed good correlation, the most significant correlation with the z-score of the BMI by WHO (r = 0.74). In accordance with Bandini et al. (31) who evaluated the excess body fat in 32 cases of DS, aged 13 and 21 years, through the BMI of National Center for Disease Control and Prevention (CDC) 2000, found moderate correlation between BMI and %BF (r = 0.50). Already Hill et al. (32) , assessed the resting energy expenditure and adiposity through the z-score for BMI, skin folds and DXA in 28 children with DS and 35 in a control group without the syndrome, noted a strong correlation of the %BF obtained from measurements of skinfold thickness and DXA (r = 0.97) and concluded that skin folds can be used to estimate body fat instead of DXA, without leading to important errors, although there are not specific folds equations skin for people with DS.
In this study, despite the association of all references that evaluated the BMI with the %BF estimated by DXA for diagnosis of obesity in adolescents with DS, the cutoff point above 2.14 assessed by the BMI of WHO (25) showed the best specificity (85%), with an accuracy of 82%. This result was similar to Bandini et al. (31) who observed the cutting bridge above the CDC 2000 P95 with better sensitivity and specificity for the determination of excess body fat in relation to %BF obtained by the DXA. However, it is important to note that the absence of reference values for the correct analysis of the cutoff points for BMI and DXA criteria for children and adolescents with DS hinder its exact applicability.
Considering the results of this study and others cited here for evaluation of %BF in children and adolescents with DS, it was found that, regardless of the methods used is high excess fat percentage and that there is a need to establish specific criteria and reference values for this population.
Limitations of this study were the sample size and the use of %BF obtained by the DXA in relation to the general population according NHANES (26) .
We believe that the criteria that use the BMI (WHO and IOTF) for estimating obesity, as well as references based on specific curves for the population with DS are associated with %BF estimated by the DXA and concluded that the cutoff point of z-score above of 2.14 of WHO presented the best specificity with an accuracy of 82%.
